This study investigates the usage pattern and sources of assistance for personal computer (PC) 
Introduction
The microcomputer has been hailed as a revolution that will profoundly change the nature of professional work [7, 16, 17] , The presence of personal computers (PCs) in professional organizations has grown rapidly within the last few years. Sales of personal computers have grown from $3.1 billion in 1982, to $7.4 billion in 1983 and $14.5 billion in 1984 [4, 5] . Moreover, several large companies have announced plans to have one PC for every professional worker within their organization [18] . Strassman [16] forecasts that over the next fifteen years there will be more than 200 million workstations in offices world-wide.
The growing presence of PCs in the work place is spurred by two underlying forces. First, the rapid advances in microcomputer technology have consistently pushed the cost/performance ratio of PCs along a 30%-40% price reduction curve each year [2] . This underlying force of "technology push" now places PCs in an affordable economic range to support the work of staff professionals in most business organizations. Second, executives are beginning to recognize that this new information technology can provide their organization with a competitive edge over rivals [6, 11] .
However, relatively little attention has been paid to the linkage between the availability of this technology and its use by professional workers and managers. The presence of PCs does not guarantee their effective utilization. Young [19] estimated that between 20% to 36% of microcomputers end up abandoned by users. A survey of PCs at large firms found data processing managers reporting considerable problems and frustrations with this new technology [8] . Keen and Woodman [9] argued that without appropriate management policies, PCs can bring as many problems for a company as they can solve.
Based on observations made on a number of in-depth case studies, Strassman [16] concluded that the impact of a new information technology should focus on how It Is Introduced and applied within an organizational context. However, only a few empirical studies were available. Benson [3] examined the varieties and perceived critical issues of end user computing through unstructured Interviews with 68 end users and 19 information systems professionals in 20 locations. Quillard, eta/, [13] studied the use of PCs, as well as management policies on the new technology, in ten U.S. firms through interviews with selected users and information systems managers. Their study provided usage pattern data during the emerging stage of PC technology. In a related study, Rockart and Flannery [14] examined the management of user-developed and useroperated computing In seven large compahieS. Their findings suggested that a group of key users, whom they referred to as "functional support personnel," played a critical role in aiding other users. Finally, in a more recent study, Mittman and Moore [12] investigated the usage of PCs by a group of executives. They found that even for business executives PCs were used predominantly as support for daily work activities rather than for decision support, as is generally assumed.
This study provides empirical evidence about the impact of personal computers on professional workers and managers, and explores how the introduction of PC technology may be managed more effectively. More specifically, it investigates the usage pattern of PCs by professional workers and managers, the relationship between PC usage and an individual's background, the comparison between PC vs. end user computing on mainframes, the major barriers experienced by users and their use of various sources of assistance, as well as the characteristics of lead user/consultants. In addition, the use of a natural experiment allows us to compare the impact of the technology in two matched organizational units which introduced PCs at about the same time but under different management policies.
The Study
A survey investigated the usage pattern of personal computers by professional workers and managers in 13 units within 12 organizations. Five of the organizations are in the service sector, including one bank, two insurance companies, a large university medical center, and an accounting consulting firm, The other seven companies are in manufacturing. The organizations range In size .from a small company with revenues of about $70 million to divisions within "Fortune 500" companies.
Managers assisted the researcher in identifying all PC users among the professional staff and management within a specific organizational unit. A survey questionnaire was then distributed to these users. The respondents were promised that all information collected would be kept confidential by the outside researcher. A code number was assigned to each respondent in lieu of the person's names to protect individual identities. Be. sides information on user background, the survey questionnaire solicited information on the user's reasons for using the PC, usage patterns, sources of assistance, descriptions of major applications, user satisfaction, and what users perceive as the major barriers to more effective usage of PCs. The survey instruments were pretested by a group of evening MBA students within their own organizations during the spring of 1984. The final data collection was carried out from the summer of 1984 through the spring of 1985.
Over an eight month period, data were collected from 311 respondents. The response rates per organization ranged from 78% to 98%. Table 1 shows a profile of the respondents.
Results

Prior Computer Knowledge
Most of the PC users surveyed had limited prior computer knowledge. Thirty-two percent of the respondents had not taken any collegelevel courses in computers, and another 25% had only one college-level course. In addition, 48% of the respondents had either very little or no prior experience with computers. Most users had been Introduced to personal com. puters only recently, and 52% of the users had used PCs for less than a year.
Reasons For Usage
Respondents were asked to Indicate the importance of seven specific factors in their decisions to use a personal computer. A five point scale was used, ranging from 1 indicat. ing that the factor was "not important at all," to 5 "a deciding factor." As shown in Figure 1 , the most Important factors identified were i) specific professional work, ii) quick implementation, ill) software availability, and iv) user friendliness. On the other hand, learning about computers, cost, and privacy and control were rated as significantly lower in importance. Respondents could also add other specific reasons which they found to be important in their decisions to use their personal computers. Ten percent of the respondents added that "to improve productivity" was a major factor. Another 16% of the respondents identified other reasons, most of which appeared to be for specific applications. These responses lend further support to the contention that the Implementation of professional work was the most important reason for using PCs.
Usage Patterns
Respondents spent a significant amount of time with their personal computers, averaging 9.48 hours per week (median = 6.0 hrs). Respondents were also asked the amount of time they spent per week on each of nine major categories of applications. These included word processing, spreadsheet, database, graphics, other packaged programs, own pro- Figure 2 . Figure 2A shows the percentage of. respondents who reported usage of each type of application, while Figure  2B shows the average amount of time spent on each application among the users.
Spreadsheet applications were the most popular with about 74% of the respondents reporting usage. Users also spent the greatest amount of time on this application, averaging 5.38 hours per week. Word processing came in a distant second, with 44% of the respondents reporting usage. This was then followed by own programming (37.4%), database (28.8%), graphics (28.7%), other packaged programs (16.6%), mainframe connections (13.8%), and computer games (9.9%).
Next to spreadsheet users, respondents who wrote their own programs or used their PCs for mainframe connections also spent a significant amount of time on these applications, averaging 4.24 and 3.90 hours per week respectively. This was then followed by users of word processing (3.71 hours), other packaged programs (3.65 hours), and database (3.42 hours Figure 2 . Usage Pattern of Personal Computers of the 12 organizations in our survey, only 60% of the respondents reported that they had access to mainframe computing. In comparing the usage pattern of PCs and mainframes, we found that our respondents spent significantly more time with PCs than with mainframe computing (medians of 6 vs. 2 hours per week).
The usage pattern of mainframes by the respondents is shown In Figure 3 . A comparison of major applications on the mainframes vs. personal computers Indicates that programming and database are the two major mainframe applications, while spreadsheet applications dominate the PCs (Table 2 ).
R~spondents were asked to cite the major advantages mainframes and PCs have over each other. The major advantages respondents identiffed for mainframes are the utilization and sharing of large databases, as well as the power, speed, memory, storage capacity and availability of more complex programs. The major advantages identified for PCs fell into three categories. The most frequently cited category included accessibility --quick im. plementatlon, response time, independence, and self-development. This was followed next by ease of use --user friendliness, and a lower "intimidation factor." Cost and economics ranked third.
Persona/Computer Usage and User Background
Two measures of PC usage were used --average number of hours per week, and number of Table 3 shows a negative correlation between age and hours of usage, but no relation between age and diversity of applications. The negative correlation between age and hours of usage is accounted for by a group of entry level staff in our sample who were spending considerable time in data entry and word processlng. The results indicate that while younger users tend to spend more hours using PCs, there is no evidence that they are more sophisticated users.
Users with stronger backgrounds in computers clearly seem to use PCs to a greater extent than users with weaker computer backgrounds. The four correlations between usage and user's computer background . (middle of  Table 3 ) are all positive; The evlder~ce is strongest that users who had prior experience with computers use their PCs for a wider variety of applications.
Finally, somewhat mixed but nonetheless quite interesting results are found between PC usage and organizational position of the respondents. While upper level managers tend to use PCs for fewer hours than lower level managers and staff people, there is no relation between the variety of applications and the organizational level of the user. The first part of this result Is something that we would expect, since the demand for time would be greater for those managers higher up in the organization. We observe further that there is a stronger negative correlation between the number of subordinates and hours of PC usage than between organizational position and usage. The second part of the results raise some interesting questions about the usage pattern of PCs by people at the different organizational levels, which we will examine next. Table 4 shows the usage pattern of PCs by the user's organizational position. Four categories of organizational positions are used for this analysis; professional staff, first line supervisors, middle managers (i.e. department heads), and executives (i.e. divisional heads, plant managers, vice-presidents and above). one-way analysis of variance procedure was used to test if there were significant differences in the usage pattern across the different organizational positions2
Usage Pattem By Organizational Position
'Four heavy users of personal computers (i.e. people who reported more than 40 hours of PC usage per week) were excluded for this analysis. Three of these four people were staff members, and the last one a division head with extensive background in Information technology. Inclusion of the division head In the small sample of nine other executives would distort the results for this group significantly and render the one way analysis of variance test invalid. Accordingly, the four "outllers" were removed from this part In order to achieve homogeneity of variance for the four Unequal size test groups. Nontechnical users also spent more time than technical users on database type applications. Not surprisingly, technical users spent more time in programming than nontechnical users. In the remaining categories of applications no statistically significant differences were found between the two groups.
User Satisfaction
Users appeared to be overwhelmingly happy with their PCs. Based on a five point scale, only 1% of the respondents indicated that they were very dissatisfied with their personal computers; whereas 56% Indicated that they were quite satisfied, and 24% Indicated that they were completely satisfied (Y = 4.01). In contrast to their enthusiasm with the PCs, the users were significantly less satisfied with the supporting manuals and documentation materials ~ = 3.14). Overall satisfied users outnumbered dissatisfed users by only about 15%.
User Assistance
Besides manuals and documentation, users can also try to obtain assistance from other information sources, both written as well as oral. The usage of these information sources, as well as users' satisfaction with the quality of information obtained from these sources, are shown in Table 6 .
For the formal (i.e. written) Information sources, users may also turn to trade journals or magazines. However, only 36.1% of the respondents indicated that they subscribed to or read such journals or magazines on a regular basis. Moreover, readers rated the quality of information they obtained from these sources as marginal, similar to the evaluations for documents and manuals (~ = 3.15).
Information from various Informal sources were classified into six major categories; i.e. vendors, information systems staff within the organization, other colleagues within the organization, friends and relatives, computer user group, and others. As shown in Table 6 , colleagues at work were by far the most wide- Manuals and Documents ----3.14 ly used source of assistance. Specifically, 89.4% of the respondents indicated that they had consulted their colleagues regarding PC usage. Moreover, users were also most satisfied with the quality of information they received from their colleagues.
Information from in.house systems staff people was the only other source of assistance that received a higher satisfaction rating than information from the two written sources. In spite of this, less than half (48%) of our respondents ever approached their information systems staff people for assistance.
PC users relied on vendors for technical assistance almost as heavily as their own inhouse information staff experts, with 45.9% of the respondents indicating that they had consulted vendors regarding PC usage. However, the quality of information they received from the vendors did not appear to be very satisfactory. The average 'information usefulness' rating of 2.85 (where 3.0 represents neutral rating) the vendors received was even lower than the ratings users gave the two written sources --journals/magazines and manuals/documents.
For the remaining three information sources (i.e. friends and relatives, computer user group, and 'others'), both the level of usage and satisfaction appeared to be quite low. The very low rating given to information obtained from outside user groups is quite surprising and is In sharp contrast to the satisfaction ratings users gave to information obtained from their organizational colleagues.
Lead Users As Consultants
Since user-consultants play such an important role in assisting other users, it is worthwhile to explore further the characteristics of these "lead users." Respondents were asked to list the names of the colleagues they had consulted. For the purpose of this analysis, we will define a lead user as an informal consultant who was nominated by at least two other colleagues? Table 7 compares the characteristic of the lead users with those of other users. As expected, lead users spent significantly more time per week using their PCs. In addition, they used PCs for significantly greater variety of applications. Although lead users also spent more time on mainframe computing than other users, the difference was not statistically significant.
Lead users were more likely to be college graduates. They also had significantly strongZl"he criterion of nominations by at least two other respondents is arbitrary except to ensure that there Is reliability in the measure. The results presented In Table 7 are quite robust even if other cutoff thresholds were used In defining a "lead user." er backgrounds in computers than the other users. Interestingly, a slightly higher percentage of lead users were managers (i.e. supervisors or above) although the difference was not significant. This was probably because managers in these organizations have been encouraged to assume a leadership role in promoting PC technology. Finally, we also note that although lead users were more satisfied than the other users with PCs, they were also more critical about the manuals and documents.
Case Study
Two Divisions of a Manufacturing Firm
In one large manufacturing firm, PCs were introduced concurrently to the professional staff in two divisions. Both divisions were In similar types of businesses and were housed in separate buildings at the same location. Moreover, both divisions were served by the same corporate information systems consulting group and utilized the same corporate information center facilities for training on PC usage.
However, the management of the two divlsions had adopted different philosophies and policies regarding the introduction of this new technology. Specifically, before bringing in the new technology, Division A carried out a careful and detailed, although informal, planning process to explore how specific types of work could be supported by PC Usage. As a result of the planning process, a very active user group evolved. In contrast, Division B adopted a management policy of "individual initiatives and freedom" to bring in this new technology. Although an attempt was also made to form a user group within this division, its membership remained limited and not very active. These two parallel organizational units provide a natural setting for comparing the usage pattern of PCs introduced under different management policies.
We found no significant differences in the overall satisfaction with PCs between the divisions, nor in the usage patterns (i.e. average number Of hours used per week or the types of applications). However, there was clear evi-dence that users in Division A were more productive with the new technology. Respondents from Division A provided more specific examples of PC applications for supporting the division's daily work activities (e.g. in production, quality and inventory control, purchasing, and sales). Moreover, most of these applications were well-integrated, and many applications were shared by groups of users (data from. quality control applications can feed directly back to production, or data from sales can feed into inventory control).
In contrast, PC applications in Division B tended to be more ad hoc and many applications were used only by isolated individuals. Division A management claimed that the investment in PC technology could be justified on the basis of labor savings for several routine applications which were performed manually prior to the introduction of PCs. However, this was difficult to verify since the calculations for return on investment would depend to a large extent on the underlying assumptions made by the analyst. In any case, there was general consensus among the managers in both divisions as well as corporate information services that Division A was making more successful utilization of PCs than Division B.
We can obtain some insight into the reasons why implementation of PCs was more successful in Division A than in Division B by Table 8 . Comparison of comparing the utilization of user assistance in both divisions, as shown in Table 8 . Respondents at both divisions were most satisfied with the information they obtained from their colleagues and used their colleagues the most for assistance. Consultation pat--terns with information systems staff and vendors, however, were quite different at the two divisions. At Division A satisfaction with information obtained from the information systems staff was rated very high (almost as high as those obtained from colleagues), and in fact this was the second most utilized information source. In contrast, Division B users also rated the quality of information obtained from the systems staff only second to information obtained from their divisional colleagues, but they made very little use of this assistance. Instead, Division B users preferred to approach vendors for help, even though they rated the quality of information from vendors as very low! Statistically, Division A users had significantly more consultations with both their divisional colleagues (about 50% more) and information systems staff (about 200% more) than Division B users. In addition, Division A users were more satisfied than Division B users with the quality of information from both in-house sources. The dynamics of user consultation is demonstrated clearly by these results; i.e., the more the users interact with their organiza- --3.11 *p<0.10 for differences between the two groups * *p< 0.05 for differences between the two groups tlonal colleagues about PC applications, the more satisfied they are with the usefulness of the information they obtain.
Information Sources
Discussion
In this study we investigated the usage pattern and sources of assistance for personal computer users at twelve organizations. Our findings point to two key issues for the management of personal computer technology: First, the most important reason for utilizing PCs is for specific professional work. It should be recognized that PCs are nothing more than tools for professional workers. Acquisition of hardware and software alone is not enough to have an impact. The most important challenge for management is to find ways to integrate the technology effectively into professional work activities. Second, most users do need a considerable amount of information and help in order to become proficient in the use of this technology. In spite of the popularity of PCs, the fact still remains that this is a complex technology which requires a significant amount of learning. Moreover, since the technology involves both software and hardware, each new application would most likely require additional information and learning. Our respondents cited almost unanimously that the lack of time and user assistance were critical barriers to more effective utilization of PCs.
Our study found that the best source of assistance for PC users are their own colleagues. This is really not surprising. Colleagues at work are the people who can best understand each other's needs. They speak the same language [1, 10, 15] . The second most useful information source is assistance from information systems staff within the same company. However, the utilization of this information was found to be lower than expected. Instead, a striking result we found in this study is that users often preferred to approach outside vendors for Information, even though the information they obtained was acknowledged to be much lower in quality! These findings have clear policy implications regarding the Introduction of PCs into an organization. They indicate that effective management of PCs requl.'es us to view the impact of this technology as organizational rather than personal. Careful management planning is necessary if PCs are to achieve their intended benefits of Increasing productivity and quality of output. Management should play a key role to assist users in exploring productive applications for this new technology. Management must also ensure the existence of an effective infrastructure to assist users within the organization. More specifically, fostering an active, informal user group can go a long way toward enhancing the diffusion of productive applications and the development of better-integrated applications within the organization.
Rockart and Flannery [14] have argued that a "third computing environment" (outside of traditional data-processing and mainframe time sharing) is needed to support end-user computing. They suggested further that "functional support personnel" can play an important role within this new environment. The present study has identified the importance of lead users in the organizational diffusion of PC usage. These lead users form a key link in the informal user network. Since these Dead users are obvious leverages for influencing the use of PCs, management should explore ways to promote the interactions of lead users with information systems staff and other users. It is hoped that this study has identified an important mechanism for further research on effective management of end-user computing.
